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Bro AN, B AL BRI A M SRR, e S
Rt 0 Ay B R (AN AR W A 5 s i TR
FRERE) BEAT U TS AN T 5 ASALURIFIEIN BA 58 P 2% (A
TS MR | PRBDAF ) X B A S, DT 8 R UL
WG, R PR U SR8, T LA TR AR R
BT P RAR iz 3l AR AR BRI T AL,
PATR A SR 07 ORI S A R . A RS2 A
MEF H, U7 2R LR IR AR RO 1A 2 R R Y
R, ALBERS TN Bl K SCA K ROt AT i, ik
AERE T 17 14 B LA SE I LN AR Bl 4 77 5052 I 40 4
— A

KICRR T2

6 Ky 2p A IR SCAAS 7 9 2401

2 “ANBFARIHEFARRER

21 BFAENEREKSE
By R trld LR . AT RE. sk
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A SRR, BB SIB R, (ML Tt
S LA o T L 15 1 0 S0 HE LA
{5 HEADLCEEHE, G AR AL R TP U 5 S
SR AT B P, HO S T A TR 1 4 2
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TR ECF AR, P AR R IR FES
DiT 3 AR B

1) 45 1B BE(20 tH22 80—90 4FA0) & At 155
HLEJE 2% (computer graphic, CG) K 21\ #y B B, X —
A 31 %) R LN B R F2 BEARFE T 1153 ML 3 i Fn = 4 5]
TEHAR . 1982 4F, H A S i GE AT 25 BE5E ) B Rk S T
JEE SO AG 0 S i, JHC A 3= AR R 56 38 3 2 i B R 9
T, O A 1A B SR A T AR
Y HEFULAR DT ; 1984 4F, Hi[E Channel 4 LA 15 HE S A0 KB
1 £+ A Max Headroom, i 8% 3= BAK HERRR Akt Al
g shm B ARSI, ABFR T AN AE ARG HE O
BRASEIT; HEA 20 T2 90 4EAY)5, BEZ A HLIEIE
AR B A, 1991 4F B 52  Terminator 2) ({ & 45 &
2))HR A CGIE AT MRS 4 @ HLAs A T-1000,
JEIL T Y i) e e ik 0T AR EBRFRLG 2001 4F BB €
LR RBLTRAE )W R 2484 CG HilfE 52
Yo X — BB BN SR AR LSRR U e
%, AR AE S E R IAUAL . 28 B I RE S SR AR
Jry B, 2B AR 1R 4 v Y SN, BT Y i T IR
INESE, S AR B AR A S R R

2) 55 2 BrEL(21 el y)—2015 42) SR ahfERife 5
SRR YL B B, X — B Be LA S VE 2 (motion capture,
MoCap ) AR 5 F2 B ¥E JuH AR 1 5 i Mk A Je Mk,
ST BRI NS R MBS EB AL E A E K
o 2001 4, & HE A BRE S HEA0UHT ) 32 R BT 4R
Wi i (Ananova), FFAI T %57 A\ AF (A S5 88 1) 7 FH 5
152004 4, trE b Bl G CCTV-6 ARiE HE i E N
ORI H BRANE”, bR E B AR
T FE PN B 8 kR B S R 2007 4F, H A Crypton Future
Media 2 5 & B R FARHCARE ()8 Ak ) [l i, LT
VOCALOID ifi & & 51 H CG H AR 72 R4 F,
BB A HAT 2R ) 0 B AUES; 2009 4, A1
- HERE TR 1Y L 52 (Avatar ) (BT FLak ) ) K Ve
PEB A 1) 7 = B, ILAH 0 R R i R G
TR T TR A R R . 5 R B
Unity. Unreal Engine 4% SZHE 545 [0 H & 2, A~
{URIRAETE T B LR I8 R &, TS T 8
PUA A5 P RS2 B3, BT ANBRTENFAR . 5%
PRAEGIIER) |12 N FH B T AR FE Al

3) % 3 BrBe(2016 47 24 ) & AL SRS 105 e 4L
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FAGTBL. BEETREE2:> . BARE 5 A AT AL
AR SR K Ji, B NS T M ) Je s F)
REsC BB KR, 2013 4F, “BHIBI A "H AR E
UL F BT AR bR 23 XTE, T T80 A
BB 40 705 2020 4F R BRI —4E, SR
NEON 7& H R4 2% i T & (consumer electronics show,
CES) /R T H EEMERIEMENVERIRE ST HEEHED
BB /N2 SER T S 25 X 35 ] PN AR Ak EA: T
HEAA N Aimee Rl 5210 T 3T Qeelia. X —Fi
BE AR RAE S IR AL FG R VKT L B SE R A
“AYAYD FE XUE B GR CMIR RS BT A&
H AR B RE T, BB TIH IR B AN B, frik
BT NFARIER AR GEEH

Bifi 2 B N AR B B PR, 5 AR B
AFIREFAE 2 I W 2. B TR
NI E SRR < 7 IS5 TS, v LUK LA
P E 7 N 3 BEAE BRE T RO o AR S5 4 B i A 7 25 A
X5, e 7 R o

1) MR R B 22 B RE ST, 7T LK 4D
AN I BARVEAESE B AR i — 20, AR AR
B AN R, 28 B RVEC N AT LU 3 o AT SR 3 7Y
FIE SRS, AH LT B BRSNS, AT 9K 307 i 40k
FANMACERER G, Aee H FRASNTIE B, #1718
SCPRAAFIDRARE, I IR S B AR 5 J - k4T B 9K 58
B, SRR AR A E R L.

2) R XA B AN [R], R $A S N RT A 43
92D B NH 3D £ N 2D U N FE Bl 4
UG UG A B, K shim i VR 45 B, 78 4 V1
PN ) 2 P 45 ol sy, PR 5 B — g ) T, s
SEIB S TREERCR o 2D B N3l A% 28 B R LS
PEEORON G 5, G 878 . & P IRss . )i
T RBEBERS, MBS, 3D HFABEARME T
SR ZhAHEE . U SCRE Y DN T
BRI, Al T = 4ERA N J 5L 3D PR A,
WERRTE T B SRR AROIR o PR AR
R FH 0 L S ERORN A B SR A v i g FH 5
BB . AU P RS . LS SR 55 4
22 BEREXEXK

Bl N TR BE AT 20 R BRI D ke, 207
NIEZ B3 B A8 1F R 405 3058 TR B il
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WFsE

UEIN
T R 2 S AR SR E B sl B )
HEUES:, ABUEA AR,

3DHFA:
SET = AR IR 4

7 4 M HLRE ) AR GE XUAR BEAT 7 A 23 O RE 28

B R E B, BT B2 R A S T A
FATHR, WX FE AR SR Rl T4
FEAE T BRSO T AR B AR (W fa e 4 e,
25 [ HURF AN E PREL L2 25 5 AR DGR S04
IR B D AR, 6 P 0 A DGR 1
GALAWE T =R, ERE G BR R
W, FEAHLE KA N T e AR K AR . R DL S
b & R R A EELEOR, B A AR 2R B T
Sehlto MEA DU A, RS A
TR R, AT S S B AR Y, 5 SR UTE N
AR DB AR ZR, i SR ) A A 4R AL T R
L BOR AT IR ASR 25 (], 2021 43 A, H%K
W REPLECFH ARG S e IR A 0 BRI, W
Fi H R UL B A AR BB 7= M T AR i ] A1
MR Z —. e 2, 2022 4F 8 A, dLatili
S0 AR BAL R B A T A E E A ECE AT LI
FFBOR (A0 s T PR A= b BE & AT s Rl
(2022—2025 4F) ), 2 H #) 2025 4EJL st BCFE AT
FUBLZEME 500 1270 bR, MECE ANk & 4 fit
TEZERG] . FF 10 A, BHEGRS G 5 IR £ #ik
TR0 S T TR e e S ST E BN TN -5 Y B R M g
ARSI HE AR, HE— 254 s B N BRI TR AL R
o 2024 4F 4 H, A Sge UGG 2 PB4 9 A%
A KA CIMRECE AA B & SO T 400 R AT 50
T %(2024—2026 4F) ), M IHECFE NATE P F 4
TR R ODAER, BER IR R AR FEANA, A
Pl e B R SRR EE ) . AE S A e DO )= I
2025 4F- 3 H 4= [EW 23010, 4 B 51X PRI
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I i — 25 B AL 28 5328 B F 5, S SCRE 1 1)
v HLES N5 BT N5 SRS, %k
TN K T A T B B M A EOR S

BASKRE, BN B BOR SRR R BRI
(5 B AL RS2 A A Je R 7 s B AR & L =l A
ANABEFR MG 5 I 254 XA R . TEEZRM
M5 BUR RIRFELAHE ST, BOF A R AR A
() A JEHLIE .
2.3 Al REETHF AMZOER

A NZORE ) B EARBE L R E S
IR ZHEfE AT . 3 N R . W 8 PR, 1% 3 4
eV RIVE L, (R AN IGE &, IR BE 5 H
ST IR, SRR S o TEVR B 2 2] KA
RIS, B0 A\ B D8 1 B I BB AL KT B 3
$Eim, HATX 3 N R IR

1) JEG @R BTl ks Y 3D AR S Al
PERNTE YR, 4T3 s B H E A R0 B RUE
%, W ANTESNI . RG-S BN R 3,

B4 A H bR

> MR T A
> SN, G, BfE LS EA

NG AN
W CINAT Y,
N 3K N

i %‘i’%iiﬁﬁ. S LR H

>, FRH > TR N TN
AR B, PSR
B H I B RE

K8 Hrr AR R
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FE ARG FRRR R, B3 o E 2RV RE M R
SRS . [, FEAS PR B SE B L, B N 25
G B P R R L5 SE IR R, @ a1 Bt
SRS PR AT, SR A B mE, NI AE 5 m
HAR . MO AR B Bk

X584 REFA A9 £ €21, Lin™ A A% 2 HE RS
MY E LR . R, B2 T BRI AAS A A AH
KM, e 0 T A T At 0 38 AR 5 (R X0 S
Cheng 455 T 75 ISt 5t b AT (AR OGO 382 F
58, BE T —2H W] R R W B N I P &R
(B, Bt AR, Jfit— 2]« R AR A A
R VPAT I IR T N ) e DR 2 0 BRI R T () 5 )

X T B S N 2R A, A58 D7 AR 3D AR
JEAET 3DMM, 17 vk 18 i K 2D R E O 3D A
RYDL SR AP L, (H R AR R BR M , F5E
A AF A AL R, 46 T TR Y 2% 2T Hif 1]
5 B RLHL S H A SMPL-X 9 S 88045 1] 9K
B, I SE B X—Avatars iR a0 . Ffi 5 507
AR, B A O SIS R 3
DA ESI, EE A 3D HE . S SR
FA: W5 s 55 22 5 S PRGN, AT A 5 4 P S AR 5
AR 101 SR AT AR, RIS, £ B EK
T N 2 CBLFE LI it BT L S s fEi i R 4
S5 ) 1) SE IR T, BT AR A R GU RS R LR T B0
BIAETF NIRRT . B ShE T 2 A TRE S
B, SR 2SR RS HE R AP 520 H

2) iEFHRIXEEED A KRBT A (natural
language processing, NLP) A1 Tl i)I| Zr A AU, 523 i 1
H AR H & AN AP 3. RS2 R
SCHEfR, B NRERS TR B IR EE | RN R, I EZ
HE . 28 PR L BRS . BSTE RS
0 MRS 155 J ) S T PR P S SRS (< RN /7
B AR ) A L, T BRI ML AL HL = 22
T PR, MELAH R A BT R

R T A RGE LAY TR, Bark AR IRE i v B v )
A T N A o, e A B8
PRI OB A BRI T . 18 E A R (text—to—
speech, TTS)™5 i ¥ 1 %] & 4 (automatic speech
recognition, ASR)™S5 4, i % A RES HERH A%
FRIEF I se b ny . A, IFRAR TR T £
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Pl R 3R T A A T o, A 3 TR ) 2R
e GEATH R AL (AN fa H /R W] KA AL, hidden Markov
models, HMMs ), LA 55 (8 40 28 R0 26 7 3k, AR B
25 W 2% (deep neural networks, DNNs ) “Fl1 35 L f# 22 [
2R T B 2 ) 245 A 7R S e KR RE AR I I
95, RERE PR HUE & Y BE AL, I 2] o) SCA e
B BB S B . 1EES A AR IR 1, N
PTG B AR R A R 1, B RN
TR 58S BREOR . ZRG AN E TS S
POTEIR 5 28 Ko AR R, S UTE H IS RS
A AERR TR, -8 X B s & AT S R, AR
B RRICEC R H Ao TR, R T3 N PR R,
MR TE S A BRI T X 2T R A
PEo MEBNETE TGS 7 & Hea sk, Bilgcr A%
Uiz F 2Rl 5 R4 700, O PR Al F 3, DA AR
PETT LSRN RN IR € ) P 23 BARER

G N BRI 1015 5 #6k, BB S A
BB S PR & R BT B & A8 A ok T ) &
BR o 38 A OB (1) 5i IR AR AL FRAN 7 > BE T, BN
RS MERE 2 P D 4, A 2 oo B S PR AR 1Y) 28 B
AU [}, 254 18 TR 50 B BEE (A R E T
IE G IR ) T SCE SCHR, B0 N REAS SR
H AR IR R 5 IE L B, BE SR THIU LR
fian, RN & T #— AL R AR Emoha™”,
FERYREAE LA ] P F5 R P B AT X PRy Rl 52 7 28, 35 ]
SIS | S 5 2, R P s [T s 2 4 Y I ) AR
W5, SRR Z RS 45 SR Na™ 2 ) T & 171410
HIT IR ST AR B K F A CBT-LLM #5241,
TEHE TN T A7 0 v S0 B B 0] 24500 4 |
PEAT RO, B A O R R S A A 55 v AR L A A
B AR AR 5 158G | 3 2R X T
AU (ELMD )4 B ARHE S 73 fift WA 4 A SRS | 1528 I
o7 T AR 2 338 5% 114) Sz o7 A R ASS Y, S 3k 7 o
Bl 23R s ok P 22 385 B 5 B G 26, A2 Bl
I AIRLE AY & AN Y XS o Llanes—Jurado %5
Bl T — DT RIE TR R T 5] S X35 Y
SERXE BTN, BTG T SR A, S
BF P R [R) 20 | SR AR R AR . X6 R4, SRR
FHREMS A S e N4

Bl BT 2R AR BOR TR EE I, B AR 5 3R
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WFsE

Ik IETE 28 Iy MAILAR & 7 B Ik A8 B = A2
X — U AR LU 2 YRR 1, TEiE S A
B2 AT, BT AR AR R R R A 2 4 P B (L
FEGUREIE | TR D7 S0 5% S B AT ), SEEE TR EEAS
PEALIIE S A . LLRAR LiveTTS R4 0, HIEETF
FH P IR AR BE 2 > BRI BB 4% Sl A PR 4L iE o . 2 I A
A, BT N T T PR,
W, TE 2B DR 2, 807284 B R i 1 i
BRI S RGBT SIS OCENGS . XSRS
KM PR T80 AT 5 R mt, O RYSIfE
TR SiE L NAER S B —2: . Synthesia 28 /]
ALBUIIA: 7 6 BRI —FOR IR &5, Hal
Aok S A H5CHRE K Bl S BT 0L R AR R R N R
R

3) ZYEERE . Bin i RGNk
FRSEROR, T B NIUR A T oA MEAR 4 o
G R i RE 7, L RR e A Borb R
JEURIBAN LSRR, SEI RS ) i BES  F 5
T XS A, T P SR AR = AR
IRES . FEFNE 2k I, van der Struijk 555 i &K sh
& 9 i 22 4t (facial action coding system, FACS )2 it
IEHIT (action unit, AU)RHIE, BK S5 NN AR
B, IR AL AR (U sS85 4% ) 18 B AL A% A 4
PRI, TEMARFRIA |, Garg Z5599E iof B 7] 25 Jis 1 Ja%
BT N BATE AN B D s VR4S A [F]— R B, SR 5 18
PEE I MRS pR AR B A 18 B AT E Fr 25
R, NI 1 18 IR T AR S 2 R AL FR 5 v MRS
MEF S RE s R B

Wit AR 1) H B, KA AIHE S | 28R 1Y
UREE R, (B NAERLSE . Wt . il ot 55 2 4L T
SEIPMFIZRIR, D3R T AR L AR rh i LS
VRN PN NN S B i 1 e | /e 3 = W
AP 5 A TR, S8 T A G AR S, S
PRANKL 1 IE AR 24 AT M P R POR e 4
AT AN 22 s B A IE N A SRR IR R | 4ERE IR
—EPE, Jfm RS E G R hE)IKsh
PINAZE B, AR F NS0 1E 517 8 SR sl 1
BReAb . 15 BAb M P S RE, TR B — PR —R
KA RS

Bl 5 A5 2R A BT, B N 2RSS B R
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L SN B[] 48 4> B BB A AR S8 . X — 3k
B FEARIAE LT 2 AN YR 15 5%, FEFRBE AN
JZ AT, B0 28 A A R S8 o ) R S Rl 1) 2 (] BB 3R
4, (5 N BENS SCRE BN B A BER S . DA
BheE s B, BT 2R SRS R SRS AT LA
()20 R B 77 e A S A, 3 285 T A A 5 s A 28
T, HR, TR A YR, P 2s e RS
TP A R Canac 2 L RG2S 517 0 RHIE, 14
BT BRHLE . o U R 6 R, 8
SEF AT 2 3 I R R E S, B B RE
BRI AR AT R AN R BT 3, S B
ARSI LN
24 HF AEARR SRR 5

fE5G R . N TR AR LS S — 105 B
BRI IR T, BF ARSI T Bk R .
OV Gk A Ok B LUBEL EL KT, 2 R A B o
FEGETRARIE . AnA, DR B 25T 5 T, AT AR
FE] AL BV F, KRB EACREBBELZ DA
Tl S, eI, 2 BY . SRS s h s
H 25 20 A 0, 1E I m A AT H & AR5, )
FE NN H I X HH 5T

1) B4R A0 . FE AR el rp, BT oe 4
RERLAI BT NG5 A0 R 2 2024 4R, 1 48— T3]
BERHTE R M FE R TE N RGEA LS EIE
REHAGHE 2% ALK A 229, R R A i AL E AR T
BRSO [ R R 55, 1 R Gl 13000 £24~iA]
TCH B PR, SEBSCAR B B0 A shik ik, BRI AR
AT B #E B S R S O R A 2 67
AL 5 Z RSB AR NE D BOR PR 2, RS2
I AR, SCERSCE R A sh A %5 7 5 Bk
AMESE T B E AL R, ARSI S, HTFAA
A7 B, 32T T 413850 B R G BOR 38 ;
FNRH R MR #A 3 34 Hh ) ATGC 3D 807 A
MATBIVE T 58, 75 Bl r IR SR T 3B BCR A Reft
I, 205 G S A R AR R AN RO, T
B £ 24T B, AR 9 B S/ Nk AR
W28 EMPEAR, R T ALBUF AN AS 3 v (%
J30%; A AR %) LS A% 10 ) A (e K Y, A4
AT R, JBR T AL ARALE SCARALHE b iy B8 1
FH™,
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R AREERS
2% A ulE

K9 3D K ABEA T8 I R4

BT B AW BT N5y AL 2025 4F,
W ], 4 E KRR L 8 Ee A i o2
KA (4N DeepSeek ), $&HERN ZOMTE IR S5, 4l 10 JiF
N, B 1B ERBE T 82T, 28 ANARKFE R T 22 A R
FE 2 28 H R, SEBL S B BB 4 . B R e
ZEHE IR AT A& B B AR A AL 4
B R TEAE B I N R A PR G R IE S, ATl
R T RORSETH AN BB O L . AR, BEE
HORBIARWrE 2L, B N AT 23 5t R H 2AR
H, sl & ae il e Zooib i m k.

K10 TS AP B 52 i b AR A i 55

2) FESURAN . AT O, BT AR
I FHIEZE AP A G B A, Dy e AU At
HUIME L . MR R 2 ) SRR .
AR IR N FE A B D AT BT R TR
2, UNE 11 R, R VR TR] S/ I e 2= L2y
B, BRI TR BIRCR; S R R
A AL bl SCAG B AL, 38 1 507 NE SR

=>

CRRENEESp El kS PN E S L

HEERH AL SR
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SERCH Dy AR, T T Z A R KRG
s KT BE 1 B AT LA B0 B IR AR B 0
AR AR Y 27 2 TR YIRS, [A] s 3 AT DL & AR
RO

Br T iR SE A L BCE AN AR, LR Y
INEAEINES i UE U fEe S I NG = B ST Y %
SR, K i A T 2 A BA DM 1) N A A o AR T 1k R
BNFERAE, RMEHEF T 20 (AR 4k it 53 A A GE i
A BB AN | SR T U L P e . R
TR | AR 2 G PG I R SCAR B AR, R T
— AR FE A AT SE A ) ALECF N, T 12
Jis o Horb b B CE AR ] 3l i R 5 S R
B, EE VU PER RO REE AL, 75
K MockingBird o, so—vits—sve S5 KiF
AR AT R A delta—tuning XA AT = SCR0R )
PR PR A B PE A RTEAR Y, SR F 5 Ak 0 7 XX A
RUAAT R C B BRI TE, R TR 5 242 W Jr ok A
TERS A2 2k o B NAE 2R Sl i i e a5 1
A PEA2E 2 B - DAL S50 2 SR 1 1
ZYyst, XA AT T BEARCR A 2 R
5, WS T A E RN A oA AE B A
o BEEBARM ML KR, Fer N EHE G &
PRI LR

E 12 EmIE RN e AL ANES:

P NEARB R ECIEIN 2 RFEZI5 1A, 5E M
PR AR NSRBI B A TCIR 4l U
AT N SRS B 2807 N, B AR E R
RACERES AN TR 2R LR D R W SO SO . MOy 2R
0 S A A B AR AR SR, AU LA %
TP T HS A A B TR, 4o e 28 ARl
TSI AR VI X R R SRS AR
AR, TEAEMESI R N I SR RE L SRR T 1) R
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WFsE

3 “W:MEARMSHENTFHES

31 TFEHHERER

JUF i (metaverse ) iX — & e - 2 EE R JE
IR SF AR T 1992 AEHE Y, A T — A 5 IS
FOPATAETE M U L, AT 76 b A i S7 By
FHEITHE 228 1 &Pk sc by SCAkiG 85 . G Y
(Ready Player One) (k5 Bz ) (I FHE, J05
S EREE )T Z R, 2021 4F, Facebook 44 Tk
Meta, H1 i 25 JC T2 5 iR 4 BRARRF 45 88 (4 44 T35 7L,
VEZ BN W 43 2 I K AR 7G5 17 £ R Oy T BB o
JCFH BN R — Rl S B S oA 55 1 . R RS
T TR RS F i TE G — M BUEE X, (AT
BUA B S Hp A i DA R O T S o B T BRI Y
S S A T S A T Y R AR 2 ], AR MR
T EA BRI S e B AR 3R BT A 0 R

MEEAR A BE R, 0T I 9T 1A R R S
6 M EE T, B X BRBEH AR | s HAHA | Pk
ARANTAEREHE A W% B AR PR,
X 6 KAEAR MBS F UL “BIGANT”, #iFRAEIC
TR RMS A", Ren %57 L RE b E— 25 5¢
L MA T NTAREREOR, I T “A BIGANT” 1)
JCFHMFIUAR, W 13 Bk,

O XY A (Blockchain)

2.

N
%)
O 22 4R (Interactivity ) R O%.
O AL FHERE AR (Game ) NetwWorky?

O A 5B A (Artificial emotion) N 0{7‘(\'\“%& /Bl‘ogkchain
O W45 S AR (Network) e &%,
O Y% M (Internet of things) |

.
( %,
(o3

r

K13 SCFH O HERIRR “ A BIGANT”

JUF AR — OB 4 A M AR AT, G
FAIEFEZAFE LT 4 A J7

1) LR RS : 7270 T M b, o R
BB AR T U0 AL, (P A UA SRR
U PSR C TN SRR UIE 2/ =i 'R 1
SCEL T RS AR RS . BOR B RS
DUIRARGS:, AR HE 1015 BRI ) R E SRR

2) MESEAZH G DU T AU — D HE UL S
SRS B A R O e . Gl IR | 5GL IX Bk

74

BEAFHR, B B o BdE A5 8 0T DLSCET b A
HEIH L, 22 R8K o B, FH P e B0t A rh 3R
FfE B BTy, ] L) RIS Sz e A p 4825 fa) v, T
R U023 [] v 72 A T DR SIS T SR A R b
FEM R 5038 B MRS 5 B2 BRI T — A~ 8ha
(). FEAE AR RS, S P SR 650 =F & 1 5
s R 5

3) #hgsth: Ju T ) A RO AFEAE
HI T, e — TG ERAYAESE M . P e i mT Ak
112G ), WHEAER 2 . SCIEAC TS, TE AL
T—ANE RN BRI S MY, A A AR A
MIEA, P AN PE A A S PEAS ARG 2, (RIS, 4422 )
KN B AR T ISt B Mo B SCAR NS PR,
Bl T BREM A S ] .

4) ZVF R YL JUTH A TR R LU = 81
SN e | o B S R = R et £ 3] £ V2 o
B RG . AP AEE I T I 03K 52, iR REA
YEFF4r =2 A C BT . KEBER AR B N FH A R
TS B L A L AN BOPE, fRE T B
FEE ] 5 k48 1T (non—fungible token, NFT) 25 57 2%
G BT, HESh T R LR i A Bk R SR N RS
ZTHIRERLS
32 EREKREFEXK

SBRA E R 0T LT LA BE A, I ARGR
W BMCECR TS S MWBORZEE T, HECE
XA BN T — R EA RS E ECR, §
TEMES HSC I A P i & . 2022 4F 10 H, 1
IR BN & CRE IR SE 547k il % S A7 3t
111(2022—2026 4F) ), i H, £ 2026 4F, = I
S A RIS i 5 A SR | A L IO 45 )
8 3500 1270 N BT, K JUUER S 2 s Y ok e 1t
2500 J1 5. H 2023 45, [E PN IT T BRI 5 8
SLARRE 2022 A PG KSR, BRI JE
AT AR 7 b PR BR300 AN W b ST, R T 4 ™
A & R B T IR SR, Bl TR A, Y
Hr, ECA B, S AR, 8. b AL E
I TAET 40 48 T BUR S 5 K AR T 5= dE i p s, 2
SR R IT T AR DG, JT T O 45 S H
0, B S R MARTT o AT e &
V-5 5OE TAE ML 58 38 2R U5 1 ak i
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PHPS SEC S

[ SNEUR B T IR 2y S A Ry oo 37 o 46 [ U W
B E AR, 4T 1 E Uk 4Bk 5 R XR S 3F &, i i
BURAMNY 5 kAR 7 3 HEshoo T - & /T
R R 5 BB 39 5 B S 01 A0 R S 8 ) 5 9 00
IKF 1350 {ZENEE /7 1L, BHAFHE K 38%; FEHRTE(E B A
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Advances in digital twin technology under the “object-human-—
environment” interaction perspective
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Abstract With the convergence and innovation of emerging information technologies, Digital Twin (DT) technology has become a key
enabler for digital transformation and the evolution of intelligent systems. It has been widely applied and received significant attention in
fields such as industrial manufacturing, smart cities, and intelligent transportation. However, existing research on traditional DT
technologies has predominantly focused on the modeling and analysis of physical entities ("objects"), with limited systematic integration
of "human" and "environmental" factors. The lack of exploration into human—environment interactions makes it difficult for current
digital twin frameworks to meet the advanced demands of complex intelligent systems for multi—level, comprehensive interaction
capabilities. In view of this, this paper innovatively introduces the "object—human—environment" interactive vision and comprehensively
and systematically analyzes the research frontiers and progress of digital twin technology from the three core dimensions of intelligent
physical entity (object), intelligent individual (human), and virtual-real fusion environment (environment). Firstly, the paper analyzes the
traditional digital twin technology system with "object" as the core and focuses on its theoretical origin, framework, and application.
Secondly, it discusses the definition, development context, national policies, and core technologies of digital people driven by Al. Finally,
expand the vision to the dimension of "environment" and explore the application practice of "environment" in multiple scenes of the
meta—universe, deeply discuss the deep integration and interaction mechanism of the three elements of "object", "human" and
"environment", reveal how the three interact and promote each other, and provide support for the construction of the meta—universe.
Furthermore, this study discusses the current research challenges and future development trends of digital twin technology from the
perspective of "Object—Human—Environment" interaction and proposes three key research directions: (1) developing an intelligent,
multi—layered data fusion framework; (2) exploring AIGC—enabled intelligent virtual-real mapping and native virtual evolution; and (3)
constructing novel virtual economy architectures and intelligent governance systems. The research outcomes provide both theoretical
foundations and practical insights for building next—generation digital twin systems characterized by multi—agent collaborative perception,
multimodal intelligent interaction, and closed—loop integration of virtual and real environments.

Keywords digit twin; object—human—environment interaction; digital human; virtual—physical fusion; metaverse
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